The Analysis of Heat-and-moisture Conditions of Using Double-Layer Wall Panels  by Vytchikov, Yuri S. et al.
 Procedia Engineering  111 ( 2015 )  853 – 857 
Available online at www.sciencedirect.com
1877-7058 © 2015 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of organizing committee of the XXIV R-S-P seminar, Theoretical Foundation of Civil Engineering (24RSP)
doi: 10.1016/j.proeng.2015.07.158 
ScienceDirect
XXIV R-S-P seminar, Theoretical Foundation of Civil Engineering (24RSP) (TFoCE 2015) 
The analysis of heat-and-moisture conditions  
of using double-layer wall panels 
Yuri S. Vytchikova, Igor G. Belyakova, Mikhail Ye. Sapareva* 
aSamara State University of Architecture and Civil Engineering (SSUACE), Molodogvardeyskaya St 194, Samara 443001, Russia 
Abstract 
The paper presents the calculation results of double-layer supporting walls and outer self-supporting walls made of expanded-
clay lightweight concrete panels. The self-supporting layer is made of expanded-clay lightweight concrete (its density at least 
1200 kg/m3), the thermal insulation layer is made of no-fine expanded-clay lightweight concrete (its density 300-350 kg/m3) 
supported by a textured layer made of cement and sand grout. The authors used their own method of non-dimensional 
characteristic while calculating moisture conditions of the wall. The method is supported by “Diffusion-2005” software system. 
Different construction areas in Russia were examined during the research. The calculations yielded the following results: there 
has been no moisture conservation in double-layer wall panels within a whole year of their operating life-time. The authors 
conclude that double-layer wall panels used while construction will cut the time of construction and increase their operating life-
time and ecological compatibility. 
© 2015 The Authors. Published by Elsevier B.V. 
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Keywords: Expanded-clay lightweight concrete; Heat-and-moisture conditions; Thermophysical calculation; Building envelope. 
1. Introduction 
Nowadays the expenditures for space heating and electricity supply systems of different living, public and 
industrial buildings in the Russian Federation amount to approximately 35% of all consumed energy reserves [1]. 
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That is why an energy efficiency retrofit program has been developed and new requirements for thermal insulation 
of building envelopes have been imposed. 
In 1950-80 of the XX century one-layer expanded-clay lightweight concrete panels (with density of 1000-1100 
kg/m3 and thickness of 0.35 and 0.4 m) became widespread in the former Soviet Union. 
Table 1 shows thickness requirements to one-layer expanded-clay lightweight concrete panels for four different 
cities situated in various climate zones. The thickness is calculated according to the standard value of the reduced 
total thermal resistance. 
    Table 1. Thickness requirements to one-layer expanded-clay lightweight concrete panels (existing to 1995). 
The climate zone of 
the building structure 
Inside air design 
temperature, °C 
Outside air design 
temperature, °C 
Requirements to the 
reduced total thermal 
resistance of a wall panel, 
(m2·°C)/W 
Requirements to the 
thickness of a one-layer 
expanded-clay lightweight 
concrete panel, m 
Moscow 18 -26 0.84 0.32 
Samara 18 -30 0.92 0.29 
Novosibirsk 18 -39 1.1 0.35 
Yakutsk 18 -55 1.4 0.46 
 
Table 2 shows results of thermophysical calculations for building envelopes of building structures in the four 
cities in question. While making thermophysical calculations the authors used consumer-oriented approach to 
building envelopes design provided by Construction rules and regulations (SNiP) 23-02-2003 “Building heat 
insulation”. 
    Table 2. Thickness requirements to one-layer expanded-clay lightweight concrete panels (according to existing normative regulations). 
The climate zone of 
the building structure 
Inside air design 
temperature, °C 
Outside air design 
temperature, °C 
Requirements to the 
reduced total thermal 
resistance of a wall panel, 
(m2·°C)/W 
Requirements to the 
thickness of a one-layer 
expanded-clay lightweight 
concrete panel, m 
Moscow 20 -28 1.97 0.83 
Samara 20 -30 2.0 0.67 
Novosibirsk 21 -39 2.39 0.82 
Yakutsk 21 -54 3.23 1.13 
 
Table 2 data analysis shows that the minimum thickness acceptable for one-layer expanded-clay lightweight 
concrete panels has been considerable increased thus making them unfit for using in present-day large-panel house-
building industry 
2. The analysis of thermal insulation properties of up-to-date expanded-clay lightweight concrete panels 
Nowadays three-layer wall panels with foam polystyrene used as a thermal insulation layer are produced in the 
Russian Federation. One of the main drawbacks of this technology is the fact that the panels can not be refurbished 
because of foam polystyrene short lifespan used in winter time as a moisture accumulator [2].  
Papers [3-11] describe the ways of designing new expanded-clay lightweight concrete wall planes for making 
building envelopes. Papers [12-14] describe the use of no-fine expanded-clay lightweight concrete in civil 
engineering. 
In this paper the authors suggest using both supporting and self-supporting expanded-clay lightweight concrete 
panels shown in Figure 1. 
The no-fine expanded-clay lightweight concrete thermal conductivity coefficient given in Paper [15] was 
calculated while doing experiments in thermophysical testing laboratory of Samara State University of Architecture 
and Civil Engineering (SSUACE). 
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Fig. 1. (a) Supporting panel; (b) self-supporting panel.  
1 – expanded-clay lightweight concrete (γ1=1200 kgг/m3; λА=0,44 W/m°С; λБ=0,52 W/m°С); 2 – no-fine expanded-clay lightweight concrete 
(γ2=350 kg/m3; λА=0,11 W/m°С; λБ=0,118 W/m°С); 2 – sand-cement mortar (γ3=1800 kg/m3; λА=0,76 W/m°С; λБ=0,93 W/m°С). 
The no-fine expanded-clay lightweight concrete thickness δ2 was calculated by thermophysical panel analysis. 
The calculation results are shown in Table 3. 
Table 3. The results of two-layer expanded-clay lightweight concrete panels thermophysical panel analysis. 
The climate zone 
of the building 
structure 






layer thickness, m 











The reduced total 
thermal resistance of 
a wall panel, 
(m2·°C)/W 
Moscow self-supporting 0.228 0.235 0.35 2.02 
Moscow supporting 0.222 0.265 0.40 2.28 
Samara self-supporting 0.211 0.235 0.35 2.19 
Samara supporting 0.205 0.215 0.35 2.06 
Novosibirsk self-supporting 0.261 0.285 0.40 2.57 
Novosibirsk supporting 0.256 0.265 0.40 2.46 
Yakutsk self-supporting 0.370 0.385 0.50 3.35 
Yakutsk supporting 0.365 0.365 0.50 3.23 
3. The analysis of moisture conditions of using double-layer wall panels 
Papers [16-18] describe heat-and-moisture conditions of using building envelopes. 
The analysis of moisture conditions of using double-layer wall panels for the living areas (presented in Table 3) 
was performed by the authors’ newly developed method of non-dimensional characteristics [19]. The method is 
supported by “Diffusion-2005” software system [20]. 
According to the method of non-dimensional characteristics possible condensation area position can be defined 
by the following: 
н iY Y max o   (1) 
where Yн  is dimensionless resistance value against water vapor transmission till wet air total saturation with 
moisture vapor; Yi is dimensionless resistance value against water vapor transmission for a part of the building 
envelope situated amidst inside surface and the section under consideration. 
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Figure 2 introduces the calculation results for moisture conditions of a self-supporting double-layer wall panel for 
a residential building in Moscow. The construction composition is shown in Figure 1 (a) and in Table 3.  
Figure 2 shows that the possible condensation area corresponding to the dimensionless coordinate Xк=0.98 runs 
in with the outer surface of no-fine expanded-clay lightweight concrete layer. 
To verify the possible condensation area position the authors calculated moisture conditions by means of the 
analytical method [21]. The method involves solution of the transcendental equation given below and helps 
calculating the temperature in the possible condensation area while using tabulated value of the complex depending 
on temperature only: 







 ,  (2) 
where i is an order number of the corresponding construction layer; E(tki) is elasticity value of saturated steam, PA. 
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is a complex depending on temperature in the possible condensation area, °С2/PA.  
 
Fig. 2. The dependence of dimensionless resistance value against water vapour transmission Y from dimensionless thermal resistance Х. 
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where R1  is the thermal resistance of the layer which is amidst inside surface of the wall and the possible 
condensation area, (м2·°C)/W. 
Calculations with the use of the approximation analytical method and with the use of Formula 3 verify the 
possible condensation area coordinates. 
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4. Conclusion 
The analysis of the data given in Table 2 (the results of thermophysical calculations) shows that expanded-clay 
lightweight concrete panels thickness is twice as little compared to one-layer panels. It allows to considerably lessen 
both the foundation power load and the building expenditures. To produce two-layer panels it is possible to use the 
equipment which is now in use in prefabricated reinforced concrete plants and factories. Calculations for moisture 
accumulation in the possible condensation area made according to Construction rules and regulations (SNiP) 23-02-
2003 “Building heat insulation” proved that there is no moisture accumulation during a year life-time of a building 
and moisture accumulation is within sorption moisturization during freezing temperature period for all climate zones 
(given in Table 3) where tow-layer panels have been used. 
The authors are sure that double-layer wall panels used while construction will cut the time of construction and 
increase their operating life-time and ecological compatibility. 
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